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Observation of Electromagnetically Induced Transparency and Slow Light in the Dark
State - Bright State Basis of CPT
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Electromagnetically induced transparency (EIT) is observed in a three-level system composed
of an excited state and two coherent superpositions of the two ground-state levels. This peculiar
ground state basis is composed of the so-called bright and dark states of the same atomic system in
a standard coherent population trapping configuration. The characteristics of EIT, namely, width of
the transmission window and reduced group velocity of light, in this unusual basis, are theoretically
and experimentally investigated and are shown to be essentially identical to those of standard EIT
in the same system.
PACS numbers: 42.50.Gy
Electromagnetically induced transparency (EIT) in
three level Λ-systems is based on quantum interference
effects involving coherence between the two lower levels
[1, 2, 3]. This effect has raised a great interest because it
opens the door to many fascinating phenomena such as
slow light [4, 5], stopped light [6, 7, 8], or enhancement
of nonlinear effects [9, 10, 11]. EIT is usually interpreted
as being due to the fact that the atoms are pumped into
a so-called dark state [12, 13] which is not coupled to the
excited state. EIT is then considered as a limit case of
Coherent Population Trapping (CPT) [14] in which the
probe field Rabi frequency is vanishingly small compared
with the Rabi frequency of the coupling field [15]. In this
case, the dark and bright states are simply the initial two
ground-state levels.
The aim of the present Letter is to show that EIT can be
observed for any superposition of the two ground-state
levels of the Λ- system. In particular, we investigate
experimentally whether EIT can be obtained when the
starting ground-state levels are the half/half superposi-
tions of the usual ground-state levels, i. e., the so-called
dark and bright states for the same atom in a symmetri-
cal CPT situation [14, 16].
The level scheme relevant to the present experiment
is described in Fig. 1. As can be seen in Fig. 1(a), we
consider two beams propagating along z: an intense cou-
pling beam linearly polarized along x and a weak probe
beam linearly polarized along y. We suppose that these
two beams are quasi-resonant with a J = 1 → J = 1
atomic system, as shown in Fig. 1(b). We denote by ∆
the optical detuning of the coupling beam and by ∆+ δ
the detuning of the weak probe beam. With the quanti-
zation axis along z, the experiment that we consider here
looks like a “double CPT” scheme. Indeed, we can see in
Fig. 1(b) that since the x and y linear polarizations can
be decomposed equally into a σ+ and a σ− component
according to:
|xˆ〉 = 1√
2
(|σˆ+〉+ |σˆ−〉) , (1a)
Figure 1: (a) Polarizations of the coupling and probe beams,
both propagating along z. (b) Excitation scheme in the
usual basis with the quantization axis along z. (c) Excita-
tion scheme when the two ground states are described in the
dark state-bright state basis.
|yˆ〉 = −i√
2
(|σˆ+〉 − |σˆ−〉) , (1b)
each beam excites the two legs of the Λ system equally.
We call ΩC (ΩP) the Rabi frequency which would corre-
spond to the coupling (probe) beam intensity if it were
circularly polarized, as in a standard EIT configuration
in a J = 1 → J = 1 transition. Then the different Rabi
frequencies are as given in Fig. 1(b). We can see that
since the mz = 0 → mz = 0 transition is forbidden in a
J = 1 → J = 1 system, the system is reduced to a pure
three-level Λ system after a few optical pumping cycles.
However, the fact that both beams excite both legs of
the Λ system of Fig. 1(b) makes the situation apparently
complicated. This is no longer the case if one changes
the basis from the two lower levels |−1〉 and |+1〉 to the
following one:
|Cx〉 = |NCy〉 = 1√
2
(| − 1〉 − |+ 1〉) , (2a)
2|NCx〉 = |Cy〉 = 1√
2
(| − 1〉+ |+ 1〉) , (2b)
where the states |Cx〉 and |Cy〉 (|NCx〉 and |NCy〉) are
the bright (dark) states for a CPT experiment that would
be performed with a x or y polarized beam only. In
this basis [see Fig. 1(c)], since, using Eqs. (1), the cou-
pling (probe) beam couples the excited level to the |Cx〉
(|NCx〉) level only, we can see that we are dealing with
a simple EIT configuration in a new basis defined by the
coupling laser field. However, the question that remains
to be answered is: since our ground-state levels are coher-
ent superpositions of the “usual” levels | − 1〉 and |+ 1〉,
can we observe the usual EIT effect in such a configura-
tion?
To answer this question, we have used a well-known
closed J = 1 → J = 1 system, namely the 3S1 →3P1
transition of 4He, which had already been proved to ex-
hibit CPT [17] and EIT [18] resonances at room tempera-
ture. This system is well suited to investigate the present
problem because it can be reduced to a pure three-level
system, contrary to alkali atoms. In a standard EIT
configuration where the coupling beam is σ+-polarized
and the probe beam is σ−-polarized, we have recently
observed that EIT in this inhomogeneously broadened
system is very well modeled by considering it as an ho-
mogeneously broadened system with an effective width
W [18, 19, 20]. This effective width is the spectral width
over which the atoms are efficiently optically pumped into
the |+1〉 level by the coupling beam with the help of ve-
locity changing collisions [19, 20] and can thus take part
in EIT. With this model, the width (full width at half
maximum) of the EIT peak at optical resonance (∆ = 0)
has been shown to be given by:
ΓEIT = 2ΓR +
Ω2C
2W + Γ
, (3)
where ΓR and Γ are the decay rates of the Raman and
optical coherences, respectively. To compare the “stan-
dard” EIT configuration (with a σ+-polarized coupling
beam and a σ−-polarized probe beam, see Ref. [18]) with
the present configuration (see Fig. 1(b)), we have already
seen that the relevant Rabi frequency is the same ΩC,
which is related to the coupling beam intensity in the
standard way. We can also reasonably argue that the
decay rate of the optical coherences Γ and the effec-
tive atomic pumping width W will be the same for the
two configurations. The only question that remains is to
know whether the decay rate of the Raman coherences is
the same when one considers the | − 1〉 and |+ 1〉 levels
or the |Cx〉 and |NCx〉 levels. The relaxation terms that
play a role in the density matrix master equation written
in the {| − 1〉, |+ 1〉} basis are [19]:
dρ+1,+1
dt
∣∣∣∣
relax
=
Γ0
2
ρ00 − Γt
(
ρ+1,+1 − 1
2
)
, (4a)
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Figure 2: Measured evolutions vs the coupling beam intensity
of the widths of the EIT peaks in standard EIT configuration
(circles) and in the configuration of Fig. 1(b, c) (squares). The
linear behavior corresponds to effective pumping half-width of
0.46 and 0.53 GHz, respectively.
dρ−1,−1
dt
∣∣∣∣
relax
=
Γ0
2
ρ00 − Γt
(
ρ−1,−1 − 1
2
)
, (4b)
dρ−1,+1
dt
∣∣∣∣
relax
= −ΓR ρ−1,+1 , (4c)
where Γ0 is the upper level population lifetime and Γt is
the transit time of the atoms through the beam, which
plays the role of an effective lifetime for the ground-state
sublevels populations. Using Eqs. (2) to change to the
{|Cx〉, |NCx〉} basis, Eqs. (4) lead to:
dρCx,NCx
dt
∣∣∣∣
relax
= −ΓR ρCx,NCx −
Γt
2
(ρ+1,+1− ρ−1,−1) .
(5)
In the configuration of Fig. 1(b), the | − 1〉 and | + 1〉
sublevels play completely symmetric roles, thus one has
ρ+1,+1 = ρ−1,−1, leaving us with:
dρCx,NCx
dt
∣∣∣∣
relax
= −ΓR ρCx,NCx . (6)
Surprisingly, we thus expect the configuration of Fig. 1
to lead exactly to the same dependence of the resonance
width on the coupling beam intensity.
We check this using a 2.5 cm long 4He cell filled at 1
Torr. The 3S1 metastable level is populated by an RF
discharge at 27 MHz. The cell is located in a three-layer
mu-metal shield to reduce spurious magnetic fields. At
the center of the Doppler profile of the optical transition
and for a vanishing light intensity, the cell absorbs about
60% of the incident intensity. Light at 1.083 µm is pro-
vided by a diode laser (model SDL-6700). The beam is
spatially filtered by a single-mode fiber before being sep-
arated by a polarizing beamsplitter into a pump beam
and a probe beam. Their frequencies and intensities are
controlled by two acousto-optic modulators. The pump
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Figure 3: Measured evolutions vs the coupling beam inten-
sity of the peak transmission in standard EIT configuration
(circles) and in the configuration of Figs. 1(b, c) (squares).
beam is fed continuously at a fixed frequency. The probe
beam can be linearly scanned in frequency or modulated
in intensity. These two beams are recombined before en-
tering the cell in a copropagating configuration. For se-
lecting whether we want the pump and probe beams to
be linearly or circularly polarized, we just need to intro-
duce a quarter-wave plate in front of the helium cell. The
diameter of the Gaussian beam inside the cell is chosen
around 1 cm (at 1/e2 of the maximum intensity). After
the cell, a polarizer, preceded by a quarter-wave plate in
the σ+/σ− (standard EIT) configuration, permits only
the probe beam to reach the detector. In the experi-
ments reported below, the probe laser power is set around
70µW. When the coupling beam frequency is tuned close
to the maximum absorption frequency of the 3S1 → 3P1
transition [∆ = 0 in Fig. 1(a)], we probe the EIT window
created by this coupling beam by scanning the frequency
of the weak probe beam around Raman resonance, thus
scanning the Raman detuning δ/2pi around 0 between
−150 and +150 kHz in 3 ms.
The absorption profiles obtained by this method are
fitted by Lorentzians. The evolution of the width (full
width at half maximum) of these Lorentzians versus cou-
pling beam intensity is reproduced in Fig. 2, for both
the “standard” σ+/σ− EIT configuration and the x/y
configuration of Fig. 1. One can see that the results
for the two configurations are almost indistinguishable.
A linear fit owing to Eq. (3) leads to a slope equal
to 372Hz/(W/m2) and an intercept corresponding to
ΓR/2pi = 4.6 kHz for the σ
+/σ− configuration and to
a slope equal to 331Hz/(W/m2) and an intercept cor-
responding to ΓR/2pi = 5.1 kHz for the x/y configura-
tion. The slopes correspond to effective half widthsW/2pi
equal to 0.46 and 0.53GHz, respectively, which should be
compared with the 0.85GHz Doppler half width at half
maximum. We have also plotted the probe transmission
at the EIT peak (∆ = δ = 0) versus coupling beam power
for the two configurations (see Fig. 3). Here again, we
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Figure 4: Measured evolutions vs the coupling beam intensity
of the delay experienced by a 5 kHz sinusoidal modulation
of the probe pulse intensity in standard EIT configuration
(circles) and in the configuration of Figs. 1(b, c) (squares).
can see that the behaviors are similar for the two config-
urations, as expected and in agreement with our simple
model based on an effective width W (for more details
see Ref. [20].)
Since the results of Figs. 2 and 3 indicate that the imag-
inary part of the susceptibility seen by the probe field is
the same in the two configurations, we can expect the real
part of this susceptibility to be the same for the σ+/σ−
and the x/y configurations. We tested this prediction by
measuring the phase shift experienced by a 5 kHz sinu-
soidal modulation of a probe pulse versus coupling power
for the two configurations. The corresponding results at
optical and Raman resonances (∆ = δ = 0) are repro-
duced in Fig. 4. We can see again that the results ob-
tained for the two configurations are very close, and in
agreement with the model of Ref. [20]. The maximum
delay is slightly larger for the x/y configuration than for
the σ+/σ− configuration. This is consistent with the
fact that the values of the probe transmission and of the
effective width W are slightly smaller for the x/y config-
uration than those for the σ+/σ− configuration.
One can wonder what would happen if the superposi-
tion of states was no longer symmetric. The mixing angle
between the | − 1〉 and | + 1〉 sublevels in the new EIT
basis can be chosen by adjusting the ellipticity of the po-
larizations of the coupling and probe beams. By choosing
the proper orientation of the quarter-wave plate, we send
in the helium cell two elliptic orthogonal polarizations,
which make it possible to vary continuously the basis
we are working with. The coupled and uncoupled states
are labeled by α = sin (pi/4− θ) and β = cos (pi/4− θ),
where θ is the ellipticity of the coupling and probe beams:
|C〉C = |NC〉P = β| − 1〉 − α|+ 1〉 , (7a)
|NC〉C = |C〉P = α| − 1〉+ β|+ 1〉 , (7b)
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Figure 5: Measured evolutions vs coupling beam intensity of the resonance width and group delay in standard EIT (circles) and
symmetrical CPT (squares) configurations, and for α = 0.87 and β = 0.5 (diamonds) and α = 0.97 and β = 0.26 (triangles).
where |C〉C,P and |NC〉C,P are the coupled and non-
coupled states corresponding to the coupling and probe
laser beams. Figure 5 shows the behavior of width and
delay with respect to the coupling beam averaged inten-
sity for four different positions of the quarter-wave plate.
These positions correspond to the standard σ+/σ− EIT
configuration (α = 0 and β = 1), to the x/y configura-
tion of Fig. 1 (α = β = 1/
√
2) and to two intermediate
sets of values for α and β. We can see that the widths
and delays are the same in all configurations. In the EIT
case, the slope of the resonance width with respect to
the intensity is slightly larger and the measured delays
slightly smaller than in the other cases. This might be
due to a residual magnetic field or a small difference in
the effect of the velocity changing collisions. This will be
further investigated in the future.
In conclusion, we have shown that EIT can be ob-
served in three-level Λ systems in which the two ground
states are coherent superpositions of the eigenstates of
the atomic total angular momentum given by the bright
and dark states of CPT. In other words, any orthogonal
superpositions of the ground-state sublevels are suitable
for being the two feet of a Λ system on which EIT can
be built. Surprisingly, we have observed that the Ra-
man coherence lifetime between these two states is the
same as the Raman coherence lifetime between the usual
|m = −1〉 and |m = +1〉 sublevels. Consequently, all
the EIT features (transmission, EIT peak width, reduced
group velocity for light) are the same in the two config-
urations. Such observations have been made possible in
the case of the 3S1 →3P1 transition of metastable helium
because it constitutes a closed and perfect three-level sys-
tem. This opens the way to interesting generalizations of
the coherent processes in the so-called tripod system in
the case of coherent superposition of the three ground-
state sublevels [21, 22].
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